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..E, g ~ 1so further antigen. The anti-NIP responses were compared with those of cells held continuously with antigen over the full 3 days of culture ( Fig. 1) . As previously reported (3), cultures held continuously with antigen gave an optima] response with 30-300 ng/ml of NIP-POL and a decreased responsewith higher concentrations. Cultures of spleen cells which were only briefly treated with antigen gave comparable anti-NIP responses, a wide range of antigen concentrations being almost equally effective. No significant decrease in response was noted with excess antigen. Enriched cells, cultured at limit dilution in the continuous presence of antigen, performed nearly 1,000-fold better than unfractionated spleen cells (Fig. 2) . The dose-response profile was shifted somewhat to the right, but was essentially similar to that of unfractionated cells. A major difference, however, emerged with enriched cells which were pulsed only briefly with antigen, as these responded quite poorly at all antigen concentrations tested. Similarly, only poor responses (data not shown) were obtained when enriched cells were held with antigen at 37°C for periods varying from 30 min to 9 h.
In further experiments, enriched cells were pretreated with various concentrations of antigen, washed, and placed into culture with thymus cells with 100 ng/ml of NIP-POL in order to see if pretreatment of enriched cells could, by itself, cause paralysis. At no concentration between 30 ng and 100 ~g/ml was any reduction below the response of control, nonpretreated cells obtained.
To investigate the possibility that pretreated fractionated cells may form small antibody-forming clones reaching their peak size before 72 h, limit dilution cultures of enriched cells, pretreated with either 300 ng/ml or 10 ~g/ml of NIP-POL, were set up and assayed for anti-NIP PFC at 1, 2, and 3 days after the initiation of culture (Table I ). In the complete absence of antigen at any stage, spontaneous "background" triggering of small clones occurred occasionally. Brief exposure to antigen at 0°C significantly raised this background, especially when cultures were harvested on day 1. However, even at this very early stage in clonal expansion, cultures with antigen continuously present at 100 ng/ml yielded significantly more PFC than the single brief exposure to antigen. The differences over the first 2 days of culture were due not to differences in clone size (small at these times under all circumstances) but to the proportion of enriched cells triggered into antibody formation. Over the 3rd day of culture, PFC clones exposed continuously to antigen expanded more rapidly than the few clones triggered through pre-exposure only.
Discussion
In the development of clones derived from single B lymphocytes, three elements must be considered separately. The first, which one might term activation, is highly asynchronous in both agar (10) and liquid (4) cloning systems. The second element, clonal expansion, involves sequential divisions amongst the activated cells. The third, which usually but not always (10) accompanies the second, involves differentiation of a specialized protein-secretory mechanism and initiation of large scale antibody formation. The present paper seeks to illuminate the role of antigen in these three events. We believe that previous studies using unfractionated cell populations have given misleading results. They suggest (6, 7, 11 ) that a simple brief encounter with antigen, initiating a single cycle of patching, capping, endocytosis, and catabolism of antigen (5), could efficiently trigger the whole cascade. However, in such studies, the carryover of antigen nonspecifically trapped in a bulky, wet cell pellet is impossible to eliminate.
The present experiments suggest that orderly clonal expansion and differentiation requires the proliferating cells to have continuous access to antigen, either free in the extracellular fluid or perhaps attached to the surface of a macrophage. Many cells placed into culture appear to be incapable of responding immediately to mitogenic signals, as evidenced by the asynchrony of clone initiation (Table I and references 4, 10, 12) . Their lack of inducibility is not paralleled by a lack of appropriate antigen clearance mechanisms (5) . In the case of the cells that are pulsed only briefly with antigen, it is therefore likely that antigen clearance (via capping, patching, and endocytosis [5] ) will precede and thus prevent the changes leading to induction.
A further interesting finding is that transient contact with high antigen concentrations cannot cause tolerance. This was true for both unfractionated and enriched cells. Evidently functional inactivation also requires more than one cycle of signals.
Summary
A system was established to assess the requirement for continuous presence of antigen in B-lymphocyte activation to antibody formation. Mouse spleen B lyrnphocytes, enriched for cells bearing anti-NIP (hapten 4-hydroxy-3-iodo-5-nitrophenylacetic acid) receptors, were pretreated briefly with NIP-POL (polymerized flagellin) antigen, washed, and added in small numbers to microcultures. The behaviour of these cells was compared with that of cells cultured in the continuous presence of antigen. Unfractionated spleen cells were studied under similar conditions.
In contrast to unfractionated cells, enriched cells could not be triggered effectively by brief contact with antigen at any concentration tested. Fewer cells were activated, and clone size was smaller after brief contact with antigen than when antigen was present continuously. Furthermore, brief contact at high concentration did not cause tolerance induction.
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